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REMARKS 

Claims 5-10 are pending. By this Amendment, no claims are cancelled, amended, or 

added. 

Specification 

The related applications section of the specification has been amended to correct the 
stated filing date of French Application No. 0312992 from May 5, 2003 to November 11, 2003, 
as evidenced by the certified copy filed May 5, 2006. Further, the same section has been 
amended to clarify that the current application is a national stage entry of PCT Application No. 
PCT/FR2004/050442. 

Claim Rejections 

Claims 5 and 7 stand rejected under 35 U.S.C. § 102(e) as being anticipated by U.S. 
Patent No. 7,647,809 to Cooney, and claims 6, 8, and 10 stand rejected under § 103(a) as being 
unpatentable over Cooney in view of U.K Patent Application No. GB 2,1 07,21 3 A to Patterson. 
Applicants respectfijlly traverse the rejections. 

Cooney is not a proper reference under 35 U.S.C. § 102(e). 35 U.S.C. § 102(e) states 

that: 

"A person shall be entitled to a patent unless... e) the invention was described 
in. . .2) a patent granted on an application for patent by another filed in the United 
States before the invention by the applicant for patent ..." 
(Emphasis added). 
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The § 102(e) date for Cooney is its U.S. effective filing date, or March 13, 2004. See 
MPEP § 706.02(f)(l)(II), Ex. 1. The "invention date" of the present application is presumed to 
be the earliest filing date which is the filing date of French Application No. 03 12992, filed 
November 5, 2003, a certified copy of which was submitted in the present application on May 5, 
2006, and a copy of which is enclosed herewith for the Examiner's convenience. Furthermore, 
pursuant to 37 C.F.R. § 1.55(a)(4), "to overcome the date of a reference relied upon by the 
examiner," an English language translation of the non-English language foreign application 
together with a statement that the translation of the certified copy is accurate is being filed 
herewith. Applicants herein reserve the right to submit evidence of an earlier invention date as 
necessary. 

The § 102(e) date of Cooney is after the "invention date" of the present application, and 
therefore is not prior art under § 102(e) rendering the rejections moot. Claims 5-10 are allowable 
for at least these reasons. Applicants respectfully request withdrawal of the rejections. 

In view of the foregoing, it is submitted that this application is in condition for allowance. 
Favorable consideration and prompt allowance of the application are respectfully requested. 

The Examiner is invited to telephone the undersigned if the Examiner believes it would 
be usefiil to advance prosecution. 



Respectfully submitted, 




Daidre L. Burgess 
Registration No. 60,389 
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EVALUATION METHOD FOR MONITORING THE EFFECTS 
OF AN IMPACT ON A STRUCTURAL COMPOSITE MATERIAL PART 



The present invention pertains to detecting impacts on structural parts made from 
composite material. 

Composite materials, which are made up of mineral, organic, synthetic, or natural 
fibers or filaments held together in an organic polymer matrix, have excellent static and 
dynamic mechanical properties (resistance to wear) in a low density. 

Structural parts generally requiring both optimal mechanical properties and low 
mass are those with the best possible bond of these materials, and must be built with 
precision. 

Composite materials are generally fragile. They can be particularly sensitive to 
shocks (or impacts), which can produce delamination and loss of material integrity due to 
the fact that they contain layering of different materials and can have poor elasticity, with 
breakage occurring 1% of the time. 

Their use in industrial environments therefore requires special precautions, or 
over-sizing, which can cause them to lose part of their interest. 
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The object of this invention is to enable a lasting means by which to passively 
monitor the composite materials throughout their entire life, from their manufacture to 
their retirement from use, so as to assure continuous integrity and functionality. 

More precisely, this invention concerns the detection of impacts that result from 
"low impact" shocks. These are the small shocks of everyday life, such as those 
generated by a falling instrument: their speed being measured in m/s and their force being 
measured at approximately ten joules. 

At the time of the "low impact" shocks, the mechanisms at work function like a 
classic mechanical application: the material undergoes a compression that transforms it 
into a triaxial stress state. Depending upon the level of this stress state, there may be a 
break or simple (reversible) material damage. 

It should also be noted that the stress from the shocks add to the stress already in 
the material, which can be dependent upon the geometry of the item concerned and the 
manner by which the stress comes about, so that a similar shock may not induce the same 
material deterioration. In any case, shocks would react differently according to the shape 
of the object generating the impact. 

The detection of this type of shock commonly occurs using the composite 
materials. 

One may examine composite material parts in general, notably parts intended for 
use on airplanes, using a procedure called BVID (Barely Visible Impact Damage), on a 
fixed depth threshold of 0.3mm for marks stemming from a detectable shock when the 
surface is otherwise uniform, beyond which the part is considered defective. 
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Of course, this approach can be limited in that one cannot consider all of the 
characteristics of composite materials, as a reduction must be made for the BVID, leading 
to the manufacture of parts with a safety measure. 

The present invention is not concerned with this type of part, but more precisely 
on the mechanical/mass of structural composite material parts, that is, on the most 
precisely sized parts with a reduced safety margin. 

This can be the case, for example, in the domain of thrusters for pressure tanks 
made from composite materials, used either to pressurize engines, to contain erbium or 
similar gas or liquid storage, or as a wrap for powder propellers. 

These tanks generally contain an "internal skin," more commonly called a liner, 
on which a pre-engaged resin fiber can be wound. 

The fibers are carbon, glass, or Kevlar, and the resin can be epoxide, polyester, or 
some other material. 

The liner serves mainly to make the tank impermeable. It can have other 
functions as well, such as serving as a heat insulator for a powder propeller wrap. 

Because they are used in space, these tanks are optimally developed, partially 
without margin. The burst pressure is only 1.5 times the service pressure, and any 
deterioration of the composite material can have catastrophic consequences. Therefore, it 
is understandably very important to be able to guarantee that these tanks are structurally 
perfect and, in particular, that they have not undergone any non-detectable shocks. 

It is not currently possible to provide a guarantee that such tanks have not 
previously undergone any very strong impacts. 
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In fact, while there is a second approach for detection of shocks, including "low- 
impact" shocks, these methods are either inadequate or insufficient. 

In fact, known methods for shock detection fall into two categories: analysis of 
material by mass and analysis of material on the surface. 

The first of these is certainly interesting, but it uses complex techniques, such as 
sound emission or fiber optics, which are still under research, and they require a means 
for manipulating the complex and voluminous signal, a test that cannot easily be 
performed throughout the life of a given part. 

The second method involves coatings that must be analyzed, notably by visual 
examination. 

The principle behind these methods for visual examination is known to those 
skilled in the art. The principle is described, for example, in GB 2 194 062 and FR 2 663 
122. 

According to this principle, microcapsules within a product break apart when 
subjected to a certain level of pressure. These products are preferably fluorescents - such 
as dye penetrants - and inspecting these parts for evidence of shock generally can be 
done with an ultraviolet light. 

The complicated nature of researching defects, owing to the fact that these 
products are solid and stable within a large range of temperature and hygrometry before 
and after detection, explains why these methods are not used. 

Another essential point to note is that the concept of detection accomplishes only 
qualitative shock detection and not any quantitative shock detection whatsoever. 
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In fact, such detection provides only an indication that pressure of a certain value 
has been applied to the surface of the examined material with no indication of the 
magnitude of possible structural problems caused within the underlying layers of the 
impacted zone. 

This invention provides a method using visual examination for detection, enabling 
a relationship between what is observed and the quantitative method for shocks. That is, 
it correlates the force of the shocks and the damage evident on the impacted material. 

To this effect, the invention includes an evaluation method for monitoring the 
consequences of an impact on a structural composite material part, notably the impact at 
low speed and little force. The part can be covered with a film that changes color when 
under pressure and whose color intensity can be directly related to the force of the 
received shock, as characterized in that, before the application of the film on the part: 

the film is calibrated by testing the impact on test parts that are identical to 
the said part, or on test tubes representative of this, covered in said film, in order to 
establish a link between the force of the shock and the change in the film, 

- the impacted areas of the test parts or test tubes are evaluated by means of 
an appropriate qualification method using x-ray, ultrasound, or another method, in order 
to correlate the aforementioned changes in the film as well as the nature and extent of the 
possible structural disturbance of subjacent layers of the impacted area, 

- and a scale of correspondences is established, allowing for qualification 
against a limiting threshold for acceptance of the evaluated part. 

A structural composite material part thus covered in said film can be monitored 
over the life of the part, from its manufacture to its use or its retirement fi-om use, through 
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a simple visual examination at any moment in time. If during such a test, the part reveals 
an impact that corresponds to a position on the aforementioned scale of correspondences 
at a level equal to or higher than the defined threshold, the part will be taken out of 
service due to internal damage rendering it unable to function. 

Useable film pursuant to the invention can be comprised of a flexible complex 
with a matrix containing drowned microcapsules or similar that break up under stress, 
releasing their contents which have different optical properties depending on whether 
they are encapsulated or released within the matrix. The shells of the microcapsules can 
be sensitive to constraints of different intensities. The matrix can be mainly a resin, the 
final product being either a picture or a film to adhere to the said part. 

A highly recommended product implementing the method in this invention is a 
film marketed under the commercial name PRESSUREX® by Sensor Products, Inc. of 
East Hannover, NJ in the United States of America. 

This film comprises a sandwich formed of two thin polyester films between which 
are a layer of microcapsules and an indicator layer for color. These microcapsules are 
susceptible to bursting under the effect of measured pressure, thereby coloring the 
subjacent indicator layer, whose intensity of color can be directly related to the amount of 
pressure (expressed in joules) that was applied to the film. 

Other types of shock indicator film may be used, of course, provided that they 
adhere to the same principle, incorporating microspheres, microtubes, and similar, 
susceptible to bursting under pressure and consequently changing color. 
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Referring to Figs. 1-3, pursuant to the invention, impact tests are used to calibrate 
film. To that effect, impact tests at various force levels are performed, ideally on sample 
parts that are identical to the subject part but more generally on test tubes representing the 
part, to establish a correspondence scale of these various force levels based upon the 
visual result of each test, namely a gradation of color intensity, since this can be the result 
of the amount of force applied at the time of the shock. 

Fig. 1 illustrates a "high"-impact mark produced on a PRESSUREX® film 
and resulting from a pressure of 500-1300 bars, placed on a test tube with 100mm X 
150mm surface area and 2mm thickness, comprising a certain number of folds in the 
composite material wrapping. The said test tube has been impacted by a spherical- 
headed object, in accordance with the AITM standard 1.0010 Edition 2 of June 1994. 

The impact mark depicted in Fig. 1 , which is 13mm in diameter, is the result of a 
force of 6.8 joules. 

Through this process, a full range of impact prints will be developed, 
corresponding to a given range of impact force. The prints will be distinguishable from 
one another by one level of color intensity whose gradation can be noticeable by the 
density and extent of the colored elements of Fig. 1 . 

Then, for each test tube, the impacted area will be evaluated (that is, examined 
using the appropriate method, such as x-ray or ultrasound) in order to identify possible 
disturbances in layers subjacent to the mark, as revealed by a change in the distribution of 
constraints in the mass of the test tube and resulting in the reorientation of some layers, 
even interlaminary shearing, creating delamination of layers and making the composite 
material unfit for use. 
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Fig. 1 depicts an image of an impact of 6.8 joules, which proved to generate a 
disturbance to an intolerable extent. As a result, the mark in the figure can be treated as a 
threshold triggering the removal or taking out of service of any part fit with a film that 
can be identical to that in Fig. 1 and that, upon visual inspection, bears a mark of the 
same color intensity as that shown in Fig. 1 . 

Referring to Fig. 2, if the inspected part contains a mark like that in Fig. 2, which 
is less dense in color than the mark in Fig. 1, this will signal an impact with less force (1 
joule) than that of the impact in Fig. 1 , and it would not trigger the part as unusable. 
Referring to Fig. 3, if, on the contrary, the visual test shows a mark like that in Fig. 3, 
with a density that is more intense in color than that in Fig. 1 (corresponding to an impact 
with a force of 12 joules), the part will be rejected or replaced, a fortiori. 

PRESSUREX® films are available commercially as a line of products with 
various "sensitivities" to pressure. For example, "Low" film can be usable for 25-100 
bars, "Medium" can be usable for 100-500 bars, and "High" can be usable for 500-1300 
bars. 

Film can be selected according to the kind of parts involved (that is, so that the 
force of impact not causing crippling damage would fall within the range of pressure 
"sensitivity" for the film). 

Because calibration tests conducted on full-scale parts or on pieces of such parts 
generally prove to be expensive, it may be preferable to perform calibration tests on test 
tubes of a reduced size, representative of the part being tested, such as by modeling test 
pieces to have the same rigidity of indentation as the area being studied on the actual part. 
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Note also that tests have shown that PRESSUREX® film can be particularly 
stable by temperature. In other words, the behavior of film in respect to the same force of 
impact is consistent across various temperatures. 

That is, a sample of film remaining at 70°C for about 45 minutes and a sample at 
room temperature both contained impact marks that were substantially identical for the 
same force of impact. Such stability is also observed over time. So, film that received a 
calibrated impact and then was exposed to a temperature of 130°C for 1 hour did not 
change its colored mark, which is consistent with a recent impact. 

The parts monitoring method in the invention is reliable and adaptable to complex 
conditions of use. 

Through simple periodic visual monitoring of parts, this method allows one to 
instantaneously determine at any moment whether a part in question satisfies an integrity 
test or, by contrast, whether it has undergone impacts that may have caused damage, 
regardless of the amount of time that may have passed between the impacts and the time 
of monitoring or whether the temperature of the room varied (even substantially) before 
or after the aforementioned impacts. 

The method in the invention applies to a wide range of structural composite parts 
and particularly to structural composite reservoirs for space use, such as gas or liquid 
tanks under high pressure, as used for space launches, spherical, cylindro-spherical, 
cylindro-elliptical or toric in shape and consisting of an impermeable internal metal or 
plastic layer upon which pre-engaged resin fibers are wound. 



9 



CLAIMS 

1 . An evaluation method for monitoring the consequences of an impact on a 
structural composite material part, notably the impact at low speed and little force. The 
part is covered with a film that changes color when under pressure and whose color 
intensity is directly related to the force of the received shock, as characterized in that, 
before the application of the film on the part: 

the film is calibrated by testing the impact on test parts that are identical to the 
said part, or on test pieces representative of this, covered in said film, in order to establish 
a link between the force of the shock and the change in the film, 

the impacted areas of the test parts or test pieces are evaluated by means of an 
appropriate qualification method using x-ray, ultrasound, or another method, in order to 
correlate the aforementioned changes in the film as well as the nature and extent of the 
possible structural disturbance of subjacent layers of the impacted area, 

and a scale of correspondences is established, allowing for qualification against a 
limiting threshold for acceptance of the evaluated part. 

2. Method according to Claim 1 , characterized in that the film that changes color as 
an effect of pressure is a film that includes a matrix with drowned microcapsules or 
similar that are susceptible to breaking up under stress of a determined threshold of force. 

3. Method according to Claim 2, characterized in that the said film is conmiercially 
named PRESSUREX® and is available in various levels of pressure sensitivity, the 
appropriate level of pressure being chosen by the limited force of impact that is 
acceptable for the part when placed under such pressiire. 
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4. Application of the method pursuant to one of the Claims 1 through 3, of gas or liquid 
tanks under high pressure, used for space launches and consisting of an impermeable internal 
metal or plastic layer upon which pre-engaged resin fibers are wound. 
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PROCEDE D'EVALUATION A DES FINS DE CONTROLE DES 
CONSEQUENCES D'UN IMPACT SUR UNE PIECE EN MATERIAU COMPOSITE 
STRUCTURALE 

La presente invention se rapporte S la detection d'innpacts sur des 
pieces structurales constitutes d'un mat6riau composite. 

Les mat6riaux composites constitu6s de fibres ou filaments min^raux du 
organiques, synth6tiques ou naturals \\6s entre eux par une matrice^e 
5 polym6res organiques, sont des mat6riaux qui ont d'excellentes propri^t^ 
m6caniques statiques et dynamiques (resistance h la fatigue) pour une denJi'tiS 
faible. 

Les pieces dites structurales qui doivent concilier propri6t6s m6caniqaes 
optimales et faible masse, sont celles qui exploitent le mieux possible I'intSrSt 
10 de ces mat^riaux, et doivent §tre dtfinies au plus juste. 

Toutefois, les mat6rlaux composites restent fragiies, iis sont en 
partlculier sensibles aux chocs (ou impacts), qui produisent des ddlaminages 
et des pertes d'int6grit6 des mat6riaux, du fait de leur complexity resultant de 
I'empilement de couches de mati&res diff6rentes et de leur faible allongement 
15 ^ rupture de I'ordre de 1 %. 

Leur utilisation en milieu industriel demande done des precautions 
particulidres, ou des sur-dimensionnements qui leur font perdre une partie de 
leur inter§t. 

Le but de I'invention est d'assurer de facon passive un suivi permanent 
20 des pieces en mat6riau composite durant toute leur vie, depuis leur fabrication 
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jusqu'a leur retrait d' utilisation, de facon h ce qu'on puisse 6tre assur6 qu'elles 

ont en permanence leur int6grit6 et sont done en 6tat de remplir leur fonction. 
Plus pr6cis6ment, ['invention s'interesse h la detection d'impacts 

resultant de chocs dits « basse 6nergie ». Cette fannille de chocs concerne las 
5 petits chocs de la vie courante, tels ceux engendr^s par la chute d'un outil : 

les vitesses sont alors de I'ordre du m/s, et les 6nergies mises en jeu de I'ordre 

de la dizaine de Joules. 

Lore des chocs « basse 6nergie », les ph^nomfenes mis en jeu 

s'interprStent m6caniquement comme une sollicitation m6canique classique : 
10 on consid6re que le mat6riau subit une force de compression qui se traduit par 

I'apparition d'un 6tat de contrainte triaxial dans le matSriau. Selon le niveau de 

cet dtat de contrainte, il y a rupture ou simple deformation, reversible, du 

mat6riau. 

II taut par ailleurs noter que les contraintes dues aux chocs se 

1 5 superposent aux contraintes initiales dans le mat6riau, elles meme dependant 
de la g6om6trie de la pi6ce concern6e et de la facon dent elle est sollicitee, si 
bien qu'un meme choc n'induira pas forc6ment la meme deterioration de 
mat6riau, de mdme d'ailleurs qu'S mSme §nergie, des chocs pourront avoir des 
effets difffirents selon la forme de I'objet g6n6rateur de I'impact. 

20 La detection de ce type de choc est communement pratiqu^e sur les 

matdriaux composites. 

Suivant une premiere approche appliquSe sur les pieces en materiau 
composite en g6n6ral, notamment les pieces destinies aux avions, on se base, 
selon une procedure dite BVID (Barely Visible Impact Damage), sur un seuil de 

25 profondeur d'empreinte due h un choc detectable fixe h 0,3 mm environ 
lorsque I'etat de surface est uniforme, au del§ duquel la piece est consideree 
comme defectueuse. 

Cette approche presente evidemment I'inconvenient que I'on ne peut 
pas exploiter toutes les caracteristlques des materiaux composites car un 

30 abattement doit Stre pris pour tenir compte du BVID, conduisant k la 
fabrication des pieces h un surdimensionnement de securite. 
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La pr^sente invention ne vise pas ce type de pieces, mais plus 
pr6cis6ment des pieces structurales en materiau composite pr6sentant le 
meilleur rapport propri6tes mecaniques/masse, c'est-a-dire des places 
dimensionn^es au plus juste et dent la marge de s6curit^ est rdduite. 

5 C'est le cas par exempie dans ie domaine des lanoeurs des reservoirs 

sous pression en materiau composite, utilises sort pour pressuriser les 
moteurs, soit pour contenir les ergols, soit comme reserve de gaz ou de 
liquides, soit comme enveloppe des propulseurs d poudre. 

Ces reservoirs sont en g6n6ral constitu6s d'une « peau interne » plus 

10 communement appel6e liner, sur iaquelle est bobin^e une fibre pr6imp6gn6e de 
r^sine. 

Les fibres sont en carbone, verre, Kevlar, la r^sine est .6poxyde, 
polyester, etc. 

Le liner sert en princIpe d dtancher le reservoir, il peut avoir d'autrea 
1 5 fonctions comme celle d'isolant thermique pour une enveloppe de propulseur 
poudre. 

Du fait de leur utilisation spatiale, ces reservoirs sont conpus de fafon: 
optimale, quasiment sans marge, la pression d'6clatement 6tant seulement 1 ,5- 
fois la pression de service, si bien que toute deterioration du materiau^ 
20 composite peut avoir des consequences catastrophiques. On concoit done 
qu'il est trSs important de pouvoir garantir au moment de leur utilisation que 
ces reservoirs sont structuralement indemnes, et qu'on particulier lis n'ont pas 
subi de chocs non detectes. 

A ce jour, II n'est pas possible d'apporter la garantie que les reservoirs 
25 de ce type n'ont pas subi avant leur utilisation d'impact d'energie trop forte. 

En effet, s'il existe bien par allleurs, suivant una seconde approche de 
detection, des methodes de revelation de chocs, notamment des chocs 
« basse 6nergie », ces methodes sont soit inappropriees, soit insuffisantes. 

En effet, ces methodes connues de revelation de chocs se divisent en 
30 deux categories, ci savoir des methodes analysant le materiau dans sa masse 
et des methodes analysant le materiau en surface. 
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Les premieres sont certes int6ressantes mais utilisent des techniques 
complexes telles que l'6mission acoustique ou h base de fibres optiques qui 
sont encore au stade du laboratoire et n6cessitent des moyens de traitement 
du signal complexes et volumineux peu adapt6s a I'accompagnennent des 
5 pidces durant leur vie. 

La seconde cat^gorie utilise des rev§tements qu'il s'agrt ensuite 
d'analyser, notamment par examen visuel. 

Le principe de ces mdthodes § exanien visuel est bien connu. I! est 
dSfini par example dans les documents GB 2 1 94 062 et FR 2 663 1 22. 
10 Suivant ce principe, des microcapsules remplies d'un produK se rompent 

quand elles sont soumises d un certain niveau de pression. Ces produits sont 
de pr^f^rence fluorescents -comme un ressuage- et I'examen des pieces d la 
rechercliB de traces de clnoc doit se faire avec une lumidre Ultra Violette. 

Cette recherche des defauts compliquee, compl^t^e du fait qu'il faut 
15 que les produits utilises soient insensibles et stables dans une large fourchette 
de temp6rature et d'hygrom6trie avant et apr6s detection, font que ces 
m^thodes n'ont pas 6X6 utilisSes jusqu'd ce jour. 

Un autre point, essentiel, qu'il faut souiigner est que ce principe de 
d6tection n'aboutit qu'a une detection qualitative des chocs et nullement d 
20 une detection quantitative. 

En effet, une telle detection donne seulement I'indication qu'une 
pression d'une certaine valeur a 6x6 exerc§e d la surface du matSriau examine 
mais aucune indication sur I'ampleur des dventuets disordres structuraux 
provoquSs dans les sous-couches de la zone impact^e. 
25 L'invention propose un proc6d6 de detection du type a examen visuel 

mais qui permette de lier de fapon quantitative les chocs et ce qui est 
observ6, c'est-li-dire de corr6ler I'^nergie des chocs et I'endommagement du 
matSriau impacte. 

A cet effet, l'invention a pour objet un proc6d6 d'6valuation & des fins 
30 de contrSle des consequences d'un impact sur une pi6ce en mat^riau 
composite structurale, notamment d'un impact a faible vitesse et a faible 
energie, dans lequel on revSt la pl6ce § surveiller d'un film du type h 
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changement de couleur sous I'effet d'une pression et dont I'intensit^ de la 
couleur obtenue sous un impact est directement relive ei I'^nergie du choc 
recu, caract6ris6 en ce qu'avant application du film sur la pifece : 

on Stalonne le film par essais d' impact sur des pieces tSmoins 
5 identiques h iadite pidce, ou des 6prouvettes representatives de 

cette dernidre, rev@tues dudit film, afin d'Stablir une relation 
entre I'Snergie du choc et la modification d'aspect du film, 
on expertise les zones des pieces tdmoins ou dprouvettes ainsi 
impactSes par un moyen de qualification appropri^ du type d 
10 rayons X, d ultrasons ou autre, afin de corr^ler lesdites 

modifications d'aspect et la nature et I'dtendue des dventueis 
desordres structuraux des couches sous-jacentes de la zone 
impact§e, 

et on etablit une dchelle de correspondences permettant de 

15 qualifier h volenti un aspect determine comme seuil limjte 

d'acceptation de la pi6ce consid6r6e. ; 
Une piece structurale en mat^riau composite ainsi revdtue dudit filpn 
peut etre suivie de manidre permanente, depuis sa fabrication jusqu'd spn 
utilisation ou son retrait d'utilisation, par un simple examen visuel pouvant 

20 etre effectu6 d tout moment. Si au cours d'un tel examen, la pi6ce revele un 
impact dont {'aspect correspond sur Iadite echelle de correspondences ^ un 
niveau 6gal ou supdrieur d celui d6fini comme seuil limite, la pibce sera mise 
hors service comme 6tant affect6e d'un endommagement interne la rendant 
impropre d sa fonction. 

25 Le film utilisable conform6ment a invention est une structure du type 

constitute d'un complexe souple comprenant une matrice dans iaquelle sont 
noy^es des micro capsules ou analogues qui se brisent sous I'effet d'une 
contrainte, Iib6rant ainsi les produits qu'elles renferment et qui ont des 
propriet^s optiques differentes selon qu'elles sont encapsulees ou liberees 

30 dans la matrice. Les coques des micro capsules peuvent Stre sensibies ^ des 
contraintes d'intensitts differentes. La matrice est en general une r§sine, le 
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produit au final 6tant soit une peinture, soit un film S coller sur la pi6ce S 
surveiller. 

Une structure particuli^rement recommand6e pour la mise en csuvre du 
procedS de I'lnvention est constitute par ie film commercialism sous la 
5 denomination commerciale PRESSUREX® par la Soci6t6 Sensor Products, Inc., 
East Hannover NJ, Etats Unis d'Amtrique. 

Ce film est constitu6 d'un sandwich form6 de deux films polyester 
minces entre lesquels sont dispostes une couche de micro-capsule et une 
couche d'un r^vdlateur de couleur, lesdites micro capsules 6tant susceptibles 
10 de se rompre sous I'effet d'une pression calibr6e et de colorer la couche 
revdiatrice sous jacente, I'intensitd de la couleur obtenue ttant directement 
relive au quantum d'dnergie de pression exprimee en Joule, qui a 6t6 appliqu^e 
sur Ie film. 

D'autres types de film r6v6lateur de choc selon Ie mdme principe et 

15 incorporant des micro-spheres, micro-tubes ou autres, susceptibles de se 
rompre sous la pression et d'engendrer en consequence une modification de 
couleur peuvent bien entendu §tre 6galement utilis6s. 

Conformtment a I'invention et en se r6f6rant aux figures 1 & 3 des 
dessins annexes, on va tout d'abord 6talonner Ie film par des essais d'impact. 

20 A cet effet, on realise, de prdfdrence et si possible sur des pieces tdmoins 
identiques k la pi^ce d surveiller mais plus g6neralement sur des Sprouvettes 
calibr6es representatives de la pidce, des essais d'impacts calibres k diffSrents 
niveaux d'Snergie en sorte d'^tablir en correspondence d ces divers niveaux 
d'^nergie appliques une dchelle d'aspects visuels observes apr^s chaque essai, 

25 d savoir une gradation d'intensitS de couleur de I'empreinte puisque l'intensit§ 
de couleur est I'image du quantum d'6nergie appliqu^e lors du choc. 

La figure 1 illustre une empreinte realiste sur un film PRESSUREX® du 
type « high » conpu pour la plage de pression 500-1 300 bars, place sur une 
6prouvette de 100mm X 150mm de surface et de 2mm d'epaisseur, 

30 constituee d'un certain nombre de plis drap6s de mat§riau composite, ladite 
iprouvette ayant 6X6 Impact6e b I'aide d'un obus a extremity spherique, 
conform6ment S la norma AITM 1 .0010 Edition 2 de Juin 1994. 
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L'impact, de diamfetre 13 mm, de la figure 1 correspond ^ una Snergie 
de 6, 8 joules. 

On va ainsi obtenir toute une gamme d'empreintes d'impact 
correspondant h une gamme d^termlnee d'energle d'impact, ces empreintes se 
5 distinguant entre elles par une intensity de couleur dont la gradation s'observe 
par la density at t'dtendue des ^l^ments coior^s de la trame representee sur la 
figure 1 . 

Ensuite, pour chaque ^prouvette, on va expertiser la zone impact6e, 
c'est-d-dire I'examiner h I'aide d'un moyen approprie, tel que rayons X ou 

10 ultrasons, afin d'identifier d'Sventuels d§sordres dans les plis sous-jacents d 
I'empreinte, r6y&6s par une modification de la distribution des contraintes 
dans la masse de I'Sprouvette et dont il r6sulterait des infl6chissements de 
certains plis, voire des cisaillements inter laminaires errant des dSlaminages de 
couches rendant le matSriau composite impropre a sa destination. 

15 La figure 1 repr^sente une empreinte d'un impact de 6, 8 joules qui 

s'est av6r6 gin^rer des d6sordres d'une ampleur consid6r6e -ycomme 
inadmissible. Par suite, le type d'empreinte de la figure sera consideree 
comme le seuil declenchant le retrait ou la mise hors service de toute pi6ce 
munie d'un film identique a celui de la figure 1 et qui, h I'inspection yisuelle, 

20 porterait une empreinte d'impact de meme intensite de couleur que celle de 
ladite figure 1 . 

Si la piece inspectee prSsente une empreinte du type de la figure 2, h 
savoir une trame color6e moins dense que celle de la figure 1 , ce sera le signe 
d'un impact regu d'^nergie (1 joule) inf^rieure e celle de l'impact de la figure 

25 1, ne rendant pas la piece impropre e sa destination. Si, au contraire, le 
contrdle visuel fait apparattre line empreinte cfu type de la figure 3, S densite 
color6e plus intense que celle de la figure 1 (correspondant e un impact d'une 
energie de 1 2 joules), la piece a fortiori sera a rebuter ou remplacer. 

Les films PRESSUREX® sont disponibles commercialement sous forme 

30 d'une gamme de produits de diverses « sensibilites » a la pression, par 
exemple film « Low » utilisable dans la plage 25-100 bars, « Medium » 
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utilisable dans la plage 1 00-500 bars et « High » utilisable dans la plage 500- 
1300 bars. 

On choisira le type de film appropriS k la nature de la piece d contrdler, 
c'est-a-dire en sorte que I'^nergie d'impact limite que puisse supporter la piece 
5 sans endommagement rSdhibitoire se situe a I'interieur de la plage de 
« sensibility » d la pression dudit film. 

Des essais d'6talonnage effectuds sur des pieces en vraie grandeur ou 
sur des morceaux de ces pidces s'avSrant g^n^ralement coQteux, on recourra 
de pr^fSrence d des essais d'dtalonnage sur des dprouvettes de dimensions 
10 rSduites representatives de la pi6ce d surveiller, par exemple par une 
mod^lisation en vue d'obtenir des 6prouvettes de mSme rigidite de 
poingonnement que la zone a 6tudier de la pi§ce r^elle. 

II est a noter par aiileurs que des essais ont montr^ que le film 
PRESSUREX® est particuliSrement stable a la temperature en ce sens que ia 
15 r6ponse du film li la mSme energie d'impact reste inchang^e sous diffdrentes 
temperatures. 

C'est ainsi qu'un dchantiilon de film ayant s6journd environ 45 minutes 
a 70 °C et un echantillon conserve S temperature ambiante ont donnS, en 
r6ponse d une mSme Snergie d'impact, une empreinte dont les frames colorSes 
20 etaient substantiellement identiques. Enfin, une telle stabiiitd s'observe 
egalement dans le temps. C'est ainsi qu'un film ayant repu prSalablement un 
impact calibre a 6t6 expose d une temperature de 130<*C pendant 1 heure 
sans qu'une alteration de la trame coloree consecutive h I'impact ne soit 
constatee. 

25 Le precede de contrdle de pieces selon I'invention est fiable et adapte h 

des conditions d'emploi complexes. 

il permet par un simple contrdle visuel periodique ou non des pieces a 

surveiller de s' assurer a tout moment si la pi6ce en question est dans un etat 

d'integrite ou au contraire a subi un ou des impacts dont le caractere 
30 dommageable ou non est Instantanement apprecie, quel que soit le temps 

ecoule entre le ou les impacts et I'instant de contrdle et que la temperature 
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ambiante avant ou apr6s lesdits impacts ait vari6 ou non, m§me 
substantieilement. 

Le procedS de I'invention s'applique a une grande diversity de pieces 
structurales composites et en particulier aux r6servo1rs structuraux composites 
5 pour application spatiaie tels que les reservoirs de gaz ou liquide b haute 
pression utilises dans les lanceurs spatiaux, de forme spii^rique, cylindro- 
sphSrique, cylindro-elliptiques ou toriques, constitu^s d'uhe enveloppe interne 
6tanche mfitalllque ou en matidre plastique sur laquelle sont boblnees des 
fibres pr6-imprSgn6es de rdsine. 
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REVENDICATIONS 



1. Proc^d^ d'evaluation d des fins de contr6le des consequences d'un 
impact sur une pi6ce en mat^riau composite structurale, notamment d'un 
impact k faibie vitesse et d faible Snergie, dans lequel on rev6t la pi^ce k 
surveiller d'un film du type d changement de couleur sous I'effet d'une 

5 pression et dont I'intensit^ de la couleur obtenue sous un impact est 
directement relive d I'Snergie du choc re9u, caract6ris6 en ce qu'avant 
application du film sur la pi&ce : 

on etalonne le film par essais d'impact sur des pidces temoins 
identiques d ladite piSce, ou des 6prouvettes representatives de 
10 cette dernldre, rev§tues dudit film, afin d'etablir une relation 

entre i'Snergie du choc et la modification d'aspect du film, 
on expertise les zones des pidces temoins ou ^prouvettes ainsi 
impactSes par un moyen de qualification appropri6 du type d 
rayons X, h ultrasons ou autre, afin de correler lesdites 
15 modifications d'aspect et la nature et I'etendue des dventuels 

d^sordres structuraux des couches sous-jacentes de la zone 
impact^e, 

et on 6tablit une 6chelle de correspondances permettant de 
qualifier h volenti un aspect d6termin6 comme seuii limite 
20 d'acceptation de la piSce consid6r6e. 

2. Proc6d6 suivant la revendication 1, caract6ris6 en ce que le film h 
changement de couleur sous I'effet d'une pression est un film comprenant une 
matrice dans iaquelle sont noy^es des micro-capsules ou analogues 
susceptibles de se briser sous I'effet d'un seuil de contrainte determine. 

25 3. Proc6d6 suivant la revendication 2, caracterise en ce que ledit film 

est le film d6nomm6 commercialement PRESSUREX®, disponible sous diverses 
plages de sensibility & la pression, la plage de pression appropri^e 6tant 
choisie en sorte que I'^nergie d'impact limite acceptable pour la piece a 
surveiller se situe h I'lnt^rieur de ladite plage de pression. 
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4. Application du proc^d^ selon i'une des revendications 1 d 3, ^ des 
reservoirs de gaz ou liquide S liaute pression pour lanceurs spatiaux, 
constitues d'une enveloppe interne 6tanche mdtallique ou en matiere plastique 
sur laquelle sont bobinees des fibres pr^imprdgnies de rSsine. 
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